US008474263B2
a2 United States Patent (10) Patent No.:  US 8,474,263 B2
Kalina 45) Date of Patent: Jul. 2, 2013
(54) HEAT CONVERSION SYSTEM 4,324,102 A 4/1982  Woinsky
SIMULTANEOUSLY UTILIZING TWO jgigggi i ;1/{ ggg Eﬂlﬁ_ler 0/
346, alma ........coooevivininnn,
SEPARATE HEAT SOURCE STREAM AND 4.433.545 A 2/1984 Chang
METHOD FOR MAKING AND USING SAME 4.442.679 A 4/1984 Stafford et al.
4,489,563 A 12/1984 Kalma ........coooooviviinniinnn, 60/673
(75) Inventor: Alexander I. Kalina, Hillsborough, CA 4,548,043 A 10/1985 Kalina ........cccoevveerveennnn., 60/673
(US) 4,586,340 A 5/1986 Kalina ............ccooeeovnnenn, 60/673
4,604,867 A 8/1986 Kalina ................coeeeeni, 60/653
: _ 4,619,809 A 10/1986 Schluderberg ................ 376/402
(73) Assignee: Kalex, LLC, Belmont, CA (US) 4674285 A 6/1987 Durrant of al
_ ‘ _ ‘ ‘ 4,704,877 A 11/1987 Selcukoglu
( *) Notice: Subject to any disclaimer, the term of this 4,732,005 A 3/1988 Kalina . 60/673
patent 1s extended or adjusted under 35 4,739,713 A 4/1988 Vier et al.
U.S.C. 154(b) by 468 days. 4,753,758 A 6/1988 Miller
4,763,480 A /1988 Kalina ............co.oooiinnn, 60/649
(21) Appl. No.: 12/764,281 (Continued)
(22) Filed: Apr. 21, 2010 FORFIGN PATENT DOCUMENTS
DE 3933731 Al 4/1990
(65) Prior Publication Data EP 1331444 A 772003
US 2011/0259011 A1 Oct. 27, 2011 (Continued)
OTHER PUBLICATIONS
(51) Int. CL.
FOIK 7/34 (2006.01) U.S. Appl. No. 11/227,991, filed Sep. 15, 2005, Kalina.
(52) U.S. CL (Continued)
USPC e, 60/653; 60/670
(58) Field of Classification Search Primary Examiner — Thomas Denion
USPC e, 60/649, 651, 633, 670

Assistant Examiner — Jason Shanske

See application file for complete search history. (74) Attorney, Agent, or Firm — Robert W. Strozier

(56) References Cited (57) ABSTRACT

U.S. PATENT DOCUMENTS A system and method are disclosed for converting heat into a
3.146.761 A 9/1964 Blodgett usable form of energy, where the system and method are
3,660,980 A 5/1972 Kanirsch et al. designed to utilize at least two separate heat sources simulta-
3,696,587 A 10/1972 Young et al. neously, where one heat source stream has a higher initial
3,712,073 A 1/1973 ~ Arenson temperature and a second heat source stream has a lower
g’g%’g(ﬁ i S?iggg %ﬂr%h ctal initial temperature, which 1s transterred to and a multi-com-

979, eber : : : :

4,010,246 A 3/1977 Steinrotter et al. ponent working fluid from which thermal energy 1s extracted.
4,164,849 A 8/1979 Mangus
4,183,225 A 1/1980 Politte et al. 20 Claims, 1 Drawing Sheet

S500

..;’f;'_! - 533 \H_h Si7 17 T SMT-33
534

1EINES

e : - 8521 159 s18
2[4 [nes *'
530 : |
| i
" 308 #522 |

Eel~J
504 -
33 32§ 4521 |
HES

5“1 * 3.1 e e« - -+-
P 10 10 30
5502 Y g9 )
$31 S
S10 dg
HE3| &
S 53

27¢ ¢51
v - 851
A  HEL
52 :
14 ¢50 - S50
: L-I -*--



US 8,474,263 B2

Page 2

U.S. PATENT DOCUMENTS 7,509,794 B2 3/2009 Bru_ckner et al.
4817392 A 4/1989 Agrawal et al. 7,841,179 B2 1172010 Kalina
4810437 A 411080 D 2003/0154718 Al 872003 Nayar
4239718 A 51020 Mchra 2003/0167769 Al 9/2003 Bharathan
4.899.545 A 2/1990 Kalina ...oooooooroorrorrorveir. 60/673 2004/0050048 Al ~ 3/2004 Kalina
4087368 A {11901 Ral C0/eds 2004/0055302 AL*  3/2004 Kalina eooeeeooooooin] 60/649
550195143 A 5/199T M.‘:lllllf;ta *************************** 2004/0069015 A.-h 4/2004 Paradowski
2070 444 A 211091 Kel 4 0673 2004/0069244 Al 4/2004 Schroeder
550333557 A 8/1991“ Ma P e 2004/0148935 Al* 8/2004 Kalina .....ooooovevvvvneeennn.., 60/649
5005708 A 3/1007 K‘?.'“Z /6T 2004/0182084 ALl*  9/2004 Kalina eveeoeooooooon) 60/698
5j1033899 A 4/1997 Kal!na 165/104 13 2005/0050891 Al*  3/2005 Kalina ....ooovvvvivviviiininins 60/649
53440,'882 A ]/1995 Kal!na ““““““““““““““ 60/6412 2005/0061654 Al 3/2005 Kalma ... 203/21
534503821 A 0/1995 Kgliﬁz """""""""""""""" 122/1R 2005/0066660 Al1* 3/2005 Mirollietal. ................... 60/651
5,572,871 A 11/1996 Kalina .oooooooveerererrorooee 60/649 2005/0066661 AL~ 3/2005  Kalina
5 588708 A 12/1996 Kali 1 60/676 2005/0183418 Al 8/2005 Kalma .......cooooveeieivvinnnnnn, 60/517
S603218 A 51007 Ha naetal ... 2005/0235645 Al  10/2005 Kalina
640476 A 11007 Kzﬁgzretal £0/6.40 2006/0096288 Al 5/2006 Kalina eoeooooooooeon. 60/649
5754613 A 5/1998 Hashiguchi et al. 2006/0096289 Al 5/2006 Kalina
5784 888 A 711998 Termeuhl 2006/0096290 Al  5/2006 Kalina .......c.ccccovenennnee 60/649
2707081 A 21008 Collincf ol 2006/0165394 Al 7/2006 Kalina ........ccoocccovn...... 392/386
5822090 A 10/1998 Kalina etal. .oooooovvvvvovoo.. 60/649 2006/0199120 Al ~ 9/2006 Kalina ........cccvveverines 431/9
5.803.410 A 4/1999 Halbrook 2007/0056284 Al* 3/2007 Kalina ..., 60/618
5950,433 A 9/1999 Kalina et al. .....ooooooovvo.... 60/649 ggg%gg%g ir lggggg Egﬁﬁz
5053918 A * 9/1999 Kalinaetal. ...oocovvvoviin.. 60/653 ! |
015451 A 112000 And 1 2007/0234750 Al 10/2007 Kalina
SRty A 3000 e o St Ak 2008/0000225 Al 1/2008 Kalina
6 058,605 A /2000 Rfuftz.et?’” o 2008/0053095 AL*  3/2008 KaliNa evoeeeoeooooooin] 60/649
065950 A 25000 Ranacinahe of al 2009/0249779 ALl* 10/2009 Shiao .....ooovvvvvereerreernnn, 60/517
£122990 A 159000 H asmg-lele al. 2010/0083662 Al 4/2010 Kalina
ey A 1000 Feosemerd 2010/0101227 A1*  4/2010 Kalina .........ccoocccovvvenn.... 60/653
6167705 B- 1/500" Ham eret ‘?‘1" 2010/0122533 Al 5/2010 Kalina
6170 263 BI 1/2001 Clal,nsente 1.‘:1. 2010/0146973 Al* 6/2010 Kalina ........cccooccvvvvvvnnnnnn, 60/653
6195008 Bl  3/2001 Ha;z;eiﬁl 2010/0205962 Al* 82010 Kalina .....cccoceveennnnee, 60/641.8
179, ! 1 en et al. 2011/0024084 Al 2/2011 Kalin
2383’;‘;? gi“ 2%88 %‘;ﬂelh ctal. 2011/0067400 AL*  3/2011 Kalid oo 60/651
6,347,520 Bl 2/2002 Ranasinghe et al 2011/0174296 Al 712011 Kalina
gaiggaigg E gggg% gﬂﬁ FOREIGN PATENT DOCUMENTS
. ) 1 Clnara
6,464,492 Bl  10/2002 Guarcoetal. ......ooooo..... 432/91 EP 1956129 A2 6/2008
6,735,948 Bl * 5/2004 Kalina ....ooeoevvvvvveeveennnnnnn, 60/649 FR 1111784 A 3/1956
6,769,256 Bl * 82004 Kalina .....oooevvvvvveeevennnnnnn,s 60/653 FR 2885169 A 11/2006
6,820,421 B2 11/2004 Kalina .......coooevvevevveenn., 60/649 GB 340780 A 1/1931
6,829.895 B2  12/2004 Kalina .....cccooovevvevuvvnnnn, 60/649 GB 504114 A 4/1939
6,910,334 B2 6/2005 Kalina .oooooeeiei 60/651 GB 798786 A 7/1958
6,923,000 B2 8/2005 Kalina ..., 60/649 GB 2335953 A 10/1999
6,941,757 B2 0/2005 Kalina ....ooovvvvveeooeoeoiiin, 60/649 JP 01041850 A 2/1986
6,968,690 B2 11/2005 Kalina .....cccooovevvevvvennnn, 60/649 KR 100846128 Bl 7/2008
7,021,060 Bl 4/2006 Kalina ........ooooiiiiii. 60/649 WO W09407095 3/1994
7.043,919 Bl 5/2006 Kalina ..ooooveeiiii, 60/651 WO W003048529 6/2003
7,055,326 Bl 6/2006 Kalina ....ooovveeei . 60/649 WO W0O2004109075 12/2004
7.065.967 B2 6/2006 Kalina ..ocooovvevevevovvrnn, 60/649
7.065,969 B2 6/2006 Kalifa .oooovovoveeevoerirnnn, 60/670 OTHER PUBLICATIONS
;’}857";?2 g} %882 Ezf’;iawa etal. ..o, 63;’6143 U.S. Appl. No. 11/235,654, filed Sep. 22, 2005, Kalina.
7264.654 B2 9/2007 Kalina .. 95/298 U.S. Appl. No. 11/238,173, filed Sep. 28, 2005, Kalina.
7,305,829 B2* 12/2007 Mirolli et al. ................. 60/649  U-S-Appl. No. 11/399,287, filed Apr. 5, 2006, Kalina
7,350,471 B2 4/2008 Kalina .....oooovvvvveeivinnin, 110/348 U*S*App:.. No. 1?/399’306’ filed Apr. 5, 2006, Kalm:':L
7,398,651 B2 7/2008 Kalina ...cococvveevevvnnennanne, 60/649 U.S. Appl. No. 11/514,290, filed Aug. 31, 2006, Kalina.
7.458.217 B2  12/2008 Kalina
7.493.768 B2  2/2009 Klaus et al. * cited by examiner



U.S. Patent Jul. 2, 2013 US 8,474,263 B2

snc} 17 - S33 17 SMT'3 3

S34 517

s

. 34/ 5?2




US 8,474,263 B2

1

HEAT CONVERSION SYSTEM
SIMULTANEOUSLY UTILIZING TWO

SEPARATE HEAT SOURCE STREAM AND
METHOD FOR MAKING AND USING SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments of the present invention relates to systems
for converting heat 1nto a usable form of energy designed to
utilize at least two separate heat sources simultaneously.

Embodiments of the present invention relates to systems
for converting heat into a usable form of energy designed to
utilize at least two separate heat sources simultaneously,
where one heat source stream has a higher 1nitial temperature
and a second heat source stream has a lower 1nitial tempera-
ture, which 1s transferred to and a multi-component working,
fluid from which thermal energy 1s extracted.

2. Description of the Related Art

Although many power generation systems and methodolo-
gies have been developed for the conversion of a portion of
the energy 1n heat of heat source stream 1nto usable forms of
energy, there 1s still a need 1n the art for new systems, espe-
cially systems that are capable of utilizing at least two sepa-
rate heat source stream simultaneously.

SUMMARY OF THE INVENTION

Embodiments of this invention provide systems for con-
verting heat to a usable form of energy utilizing at least two
heat source streams simultaneously. The systems include an
energy conversion subsystem, where a portion of heat or
thermal energy associated with a superheated working solu-
tion stream 1s converted to a usable form of energy. The
system also 1ncludes a vaporization and superheating sub-
system. The vaporization and superheating subsystem
includes a higher temperature component. The higher tem-
perature component 1s adapted (a) to fully vaporize and super-
heat, 1n a lower section of a higher temperature heat exchange
unit, a combined stream comprising a rich basic solution
substream and a lean solution substream, each having the
same or substantially the same pressure, to form a fully vapor-
1zed and superheated combined stream using heat from a
higher temperature heat source stream and (b) to further
superheat, 1n an upper section of the higher temperature heat
exchange unit, a working solution stream comprising the
tully vaporized and superheated combined stream and a fully
vaporized and superheated, rich basic solution stream to form
the superheated working solution stream using heat from the
higher temperature heat source stream. The vaporization and
superheating subsystem also includes a lower temperature
component adapted to fully vaporize and superheat, 1n alower
temperature heat exchange unit, a partially vaporized, rich
basic solution substream using heat from a lower temperature
heat source stream to form the fully vaporized and super-
heated, rich basic solution stream. The system also includes a
heat exchange, separation and condensation subsystem
including at least three heat exchange units, a gravity separa-
tor and three pumps. The heat exchange, separation and con-
densation subsystem forms a condensing solution stream, a
rich vapor stream, a liquid lean solution stream and a lower
pressure rich basic solution stream from a spent working
solution stream, heats and cools different streams, separates
the condensing solution stream into the rich vapor stream and
the liquid lean solution stream and a fully condensed rich
basic solution stream condensed using an external coolant
stream, where the external coolant 1s air (or a gas) or water.
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2

Embodiments of this invention provide methods for con-
verting heat into a usable form of energy simultanecously
utilizing a higher temperature heat source stream and a lower
temperature heat source stream. The methods include con-
verting a portion ol heat or thermal energy 1n a superheated
working solution stream 1nto a usable form of energy 1n a heat
conversion subsystem to form a spent working solution
stream. The method 1includes forming a lower pressure, rich
basic solution stream from a rich vapor stream and a first
liquid lean solution substream derived from a partially con-
densed condensing solution stream after being separated 1n a
gravity separator of a heat exchange unit of a heat exchange,
separation and condensation subsystem. The lower pressure,
rich basic solution stream 1s passed through a first heat
exchange unit of the heat exchange, separation and conden-
sation subsystem in countertlow with a higher pressure, fully
condensed rich basic solution stream to form a cooled lower
pressure, rich basic solution stream and a pre-heated higher
pressure, fully condensed, rich basic solution. The cooled
lower pressure, rich basic solution stream 1s then fully con-
densed 1n a second heat exchange unit of the heat exchange,
separation and condensation subsystem in countertlow with
an external coolant stream to form a fully condensed, lower
pressure, rich basic solution stream. The fully condensed,
lower pressure, rich basic solution stream 1s then pressurized
in a first pump of the heat exchange, separation and conden-
sation subsystem to form the higher pressure, fully con-
densed, rich basic solution stream. The condensing solution
stream 1s separated in the gravity separator into the rich vapor
stream and a liquid lean solution stream, which 1s then divided
into three lean solution substreams, one of which was used to
from the lower pressure, rich basic solution stream. A second
lean solution substream 1s passed through a second pump of
the heat exchange, separation and condensation subsystem,
where its pressure 1s increased to a pressure equal to or sub-
stantially equal to a pressure of the spent working solution
stream. The higher pressure, second lean solution substream
1s then combined with the spent working solution stream,
where the second lean solution substream de-superheats the
spent working solution stream to form a condensing solution
stream. The condensing solution stream 1s then passed
through a third heat exchange unit of the heat exchange,
separation and condensation subsystem in counter flow with
the preheated, higher pressure, rich basic solution stream to
form a partially vaporized, higher pressure, rich basic solu-
tion stream and a partially condensed condensing solution
stream, which then enters the gravity separator. The partially
vaporized, higher pressure, rich basic solution stream 1s then
divided 1nto a first and second substream. The first partially
vaporized, higher pressure, rich basic solution substream 1s
torwarded to a lower temperature vaporization and superheat-
ing component of a vaporization and superheating subsystem,
while the second partially vaporized, higher pressure, rich
basic solution substream 1s combined with a second lean
solution stream, having passed through a third pump of the
heat exchange, separation and condensation subsystem,
where its pressure 1s increased to a pressure that 1s the same or
substantially the same as a pressure of the second, partially
vaporized, higher pressure rich basic solution substream. The
combined stream 1s then forwarded to a higher temperature
vaporization and superheating component, completing the
cycle, where it 1s Tully vaporized and superheated 1n a lower
section of the higher temperature heat exchange unit. The
stream 1s then combined with the fully vaporized and super-
heated, rich basic solution substream to form the working
solution stream, which 1s then further superheated in an upper
section of the higher temperature heat exchange unit.
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BRIEF DESCRIPTION OF THE DRAWINGS

The 1invention can be better understood with reference to
the following detailed description together with the appended
illustrative drawings 1n which like elements are numbered the
same:

FIG. 1 depicts an embodiment of the present invention
including a higher temperature vaporization and superheating
component using a higher temperature heat source stream and
a lower temperature vaporization and superheating compo-
nent using a lower temperature heat source stream.

DETAILED DESCRIPTION OF THE INVENTION

The inventor has found that a new power generation system
can be constructed using a multi-components working fluid
and two separate heat sources simultaneously. The system 1s
designed to use a higher initial temperature heat source
stream and a lower 1mitial temperature heat source stream. In
certain embodiments, the higher temperature heat source
stream 1s a tlue-gas stream, while the lower 1mitial tempera-
ture heat source stream 1s a hot air stream. In other embodi-
ments, the higher temperature heat source stream 1s a tlue-gas
stream, while the lower initial temperature heat source stream
1s a hot water stream. In other embodiments, the higher tem-
perature heat source stream 1s a flue-gas stream, while the
lower 1nitial temperature heat source stream 1s a geothermal
heat source stream.

The present invention broadly relates to a system for con-
verting heat from at least two heat source streams, one having
a higher temperature and one having a lower temperature. The
system 1ncludes an energy conversion subsystem, where a
portion of heat or thermal energy associated with a super-
heated working solution stream 1s converted to a usable form
of energy. In certain embodiments, the energy conversion
subsystem comprises at least one turbine. The system also
includes a vaporization and superheating subsystem, where
the vaporization and superheating subsystem comprises a
higher temperature component and a lower temperature com-
ponent. The higher temperature component 1s used to fully
vaporize and superheat at least two stream. One stream com-
prises a combined stream of a rich basic solution substream
and a lean solution substream, each having the same or sub-
stantially the same pressure. The term substantially same
pressure means that the pressures of the two streams are
within about 10% of each other. In other embodiments, the
pressures ol the two streams are within about 5% of each
other. In other embodiments, the pressures of the two streams
are within about 1% of each other. This definition for sub-
stantially equal pressure attached to all subsequent uses for
the term. This combined stream 1s vaporized and superheated
in a lower section of a higher temperature heat exchange unait.
The second stream comprises the fully vaporized and super-
heated combined stream and a fully vaporized and super-
heated rich basic solution stream to form a working solution
stream, which 1s sent into an upper section of the higher
temperature heat exchange umt, where 1t 1s further super-
heated to form the superheated working solution stream. In
certain embodiments, the higher temperature components
utilizes a higher temperature flue gas stream, but other higher
temperature streams can be used as well. The lower tempera-
ture component 1s used to fully vaporize and superheat a
partially vaporized rich basic solution stream using a lower
temperature heat source 1n alower temperature heat exchange
unit to form the fully vaporized and superheated rich basic
solution stream. The system also includes a heat exchange,
separation and condensation subsystem including at least
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4

three heat exchange units, and a gravity separator three
pumps. The heat exchange, separation and condensation sub-
system forms the other stream from a fully condensed rich
basic solution stream condensed using an external coolant
stream and from a spent working solution stream.

The present mvention broadly relates to a method for
simultaneously utilizing heat dertved from a higher tempera-
ture heat source stream and a lower temperature heat source
stream to form a superheated working solution stream from
which a portion of 1ts heat or thermal energy 1s converted to a
usable form of energy to form a spent working solution
stream. The method 1includes forming a lower pressure, rich
basic solution stream from a rich vapor stream and a first lean
liquid substream derived from a partially condensed condens-
ing solution stream after being separated 1n a gravity separa-
tor of a heat exchange unit of the heat exchange, separation
and condensation subsystem. The lower pressure, rich basic
solution stream 1s passed through a first heat exchange unit of
the heat exchange, separation and condensation subsystem in
countertlow with a higher pressure, fully condensed rich
basic solution stream to form a cooled lower pressure, rich
basic solution stream and a pre-heated higher pressure, fully
condensed rich basic solution. The cooled lower pressure,
rich basic solution stream 1s then fully condensed 1n a second
heat exchange unit of the heat exchange, separation and con-
densation subsystem in countertlow with an external coolant
stream to form a fully condensed, lower pressure, rich basic
solution stream. The fully condensed, lower pressure, rich
basic solution stream 1s then pressurized in a first pump of the
heat exchange, separation and condensation subsystem to
form the higher pressure, fully condensed rich basic solution
stream. The condensing solution stream 1s separated in the
gravity separator 1nto the rich vapor stream and a liquid lean
solution stream, which 1s then divided into three lean solution
substreams, where the first substream was used to form the
lower pressure, rich basic solution stream. A second lean
solution substream 1s passed through a second pump of the
heat exchange, separation and condensation subsystem,
where its pressure 1s increased to a pressure equal to or sub-
stantially equal to a pressure of the spent working solution
stream. The higher pressure, second lean solution substream
1s then combined with the spent working solution stream,
where the lean solution substream de-superheats the spent
working solution stream to form a condensing solution
strecam. The condensing solution stream 1s then passed
through a third heat exchange unit of the heat exchange,
separation and condensation subsystem in countertlow with
the preheated, higher pressure, rich basic solution stream to
form a partially vaporized, higher pressure, rich basic solu-
tion stream and a partially condensed condensing solution
stream, which then enters the gravity separator. The partially
vaporized, higher pressure, rich basic solution stream 1s then
divided 1nto a first and second substream. The first substream
1s forwarded to the lower temperature vaporization and super-
heating component, while the second substream 1s combined
with a second lean solution stream, having passed through a
third pump of the heat exchange, separation and condensation
subsystem, where 1ts pressure 1s increased to a pressure that 1s
the same or substantially the same as a pressure of the second,
partially vaporized, higher pressure rich basic solution sub-
stream. The combined stream 1s then forwarded to the higher
temperature vaporization and superheating component. The
combined stream 1s fully vaporized and superheated 1n a
lower section of the higher temperature heat exchange. The
tully vaporized and superheated combined stream 1s then
combined with the fully vaporized and superheated, higher
pressure, rich basic solution stream to from the working solu-
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tion stream. The working solution stream i1s then further
superheated 1n an upper section of the higher temperature

heat exchange unit to from the superheated working solution
stream, completing the cycle.

In all of the embodiments, mixing or combining valves are
used to combine stream as each point where two or more
streams are combined and dividing valves are used to divide
a stream at each point where a stream 1s divided into two or
more substreams. Such valves are well known 1n the art.

These systems of the invention are designed to operate with
a multi-component working fluid including at least one lower
boiling component and at least one higher boiling component.
In certain embodiments, the working fluids include an ammo-
nia-water mixture, a mixture of two or more hydrocarbons, a
mixture of two or more freon, a mixture ol hydrocarbons and
freon, or the like. In general, the flud can comprise mixtures
of any number of compounds with favorable thermodynamic
characteristics and solubility. In certain embodiments, the
fluid comprises a mixture of water and ammonia.

DETAILED DESCRIPTION OF DRAWINGS

Referring to FIG. 1A, a first embodiment of the present
system and method designated SMT-33 1s described. A fully
condensed, basic working solution stream S1 having param-
eters as at a point 1. The stream S1 comprises a rich basic
solution stream having a higher concentration of a lower
boiling component of a multi-component working fluid com-
prising at least one lower boiling point component and at least
one higher boiling point component. In certain embodiments,
the multi-component working solution comprise a mixture of
water and ammonia. A rich solution represents a composition
having a higher concentration of ammonia compared to a
starting water-ammoma mixture. The stream S1 corresponds
to a state of saturated liquid. The stream S1 then enters into a
teed pump or first pump P1, where 1ts pressure 1s increased to
form a higher pressure, fully condensed rich solution stream
S2 having parameters as at a point 2. The stream S2 corre-
sponds to a state of a subcooled liquid.

The stream S2 having the parameters as at the point 2 now
passes through a preheater or second heat exchange unit HE2.
In the second heat exchange unit HE2, the stream S2 1s heated
in counterflow by a returning, condensing rich basic solution
stream S26 having parameters as ata point 26 1n a second heat
exchange process 2-3 or 26-27 as described more fully below
to form a preheated, higher pressure, rich basic solution
stream S3 having parameters as at a point 3. The stream S3
corresponds to a state of saturated liquad.

Thereafter, the stream S3 passes through a recuperative
boiler-condenser or third heat exchange unit HE3. In the third
heat exchange unit HE3, the stream S3 1s heated and substan-
tially vaporized in counterflow by a condensing solution
stream S19 having parameters as at a point 19 1n a third heat
exchange process 3-8 or 19-21 as described below to form a
heated and substantially vaporized rich basic solution stream
S8 having parameters as at a pomt 8 and a partially con-
densed, condensing solution stream S21 having parameters as
at a pomnt 21. The heated and substantially vaporized rich
basic solution stream S8 having the parameters as at the point
8 corresponds to a state of wet vapor, 1.¢., a first liquid-vapor
mixture. The term substantially vaporized means that at least
50% of the stream 1s vapor. In other embodiments, the term
substantially vaporized means that at least 75% of the stream
1s vapor. In other embodiments, the term substantially vapor-
1zed means at least 80% of the stream 1s vapor.

The stream S21, which was partially condenses 1n the third
heat exchange unit HE3, corresponds to a state of a second
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liquid-vapor mixture. The stream S21 then enters into a grav-
ity separator SP1, where 1t 1s separated 1nto a saturated rich
vapor stream S22 having parameters as at a pomnt 22 and a
saturated liquid lean solution stream S23 having parameters
as at a point 23.

A concentration of the lower boiling point component
(usually ammonia) of the multi-component tluid making up
the stream S22 1s slightly higher than a concentration of the
lower boiling point component making up the basic solution
streams.

The lean solution stream S23 i1s now divided into three
substreams S24, S25 and S28 having parameters as at points
24, 25 and 28.

The lean solution substream S23 1s now combined with the
rich vapor stream S22 to form the rich basic solution stream
S26 having the parameters as at the point 26 as described
above.

The lean solution substream S24 1s now sent 1nto a circu-
lating pump or second pump P2, where its pressure 1is
increased to a higher pressure equal to the pressure of the
stream S8 having the parameters as at the point 8 as described
above to form a higher pressure, lean solution substream S9
having parameters as at a point 9. The higher pressure, lean
solution substream S9 corresponds to a state of subcooled
liquad.

Meanwhile, the stream S8 1s divided into two heated and
substantially vaporized rich basic solution substreams S10
and S30 having parameters as at points 10 and 30, respec-
tively. The term substantially vaporized means that at least
50% of the stream 1s vapor. In other embodiments, the term
substantially vaporized means that at least 75% of the stream
1s vapor. In other embodiments, the term substantially vapor-
1zed means at least 80% of the stream 1s vapor.

The substream S10 1s now combined with the higher pres-
sure, lean solution substream S9 to form an intermediate
solution stream S31 having parameters as at a point 31, where
the stream S31 comprise a vapor-liquid mixture. Due to the
absorption of the stream S10 by the stream S9, a temperature
of the stream S31 having the parameters as at the point 31 1s
increased and becomes higher than a temperature of the
stream S10 having the parameters as at the point 10.

Meanwhile, the substream S30 1s sent 1nto an evaporator or
fourth heat exchange unit HE4. In the fourth heat exchange
umt HE4, the substream S30 1s heated, fully vaporized and
superheated 1 counterflow by a lower temperature heat
source stream S521 having parameters as at a point 521 1n a
fourth heat exchange process 30-32 or 521-522 to form a fully
vaporized and superheated rich basic solution stream S32
having parameters as at a point 32. In certain embodiments,
the fourth heat exchange unit HE4 can be a heat recovery and
vapor generator (HRVG) unit.

At the same time, the intermediate solution stream S31 1s
new sent mto a lower section of a fifth heat exchange unit
HES. In lower section of the fifth heat exchange unit HES, the
stream S31 1s heated, fully vaporized and superheated by a
flue-gas stream S500 having parameters as at a point 500 1n a
fifth heat exchange process 500-504 to form a fully vaporized
and superheated intermediate solution stream S33 having
parameters as at a point 33. In certain embodiments, the fifth
heat exchange unmit HES can be a heat recovery and vapor
generator (HRVG) umit. The fifth heat exchange unit HES is,
therefore, divided into the lower section, extending from a
bottom of the fifth heat exchange unit HES to about the point
504 and an upper section extending from about the point 504
to a top of the fifth heat exchange unit HES.

The stream S33 now exits from the fifth heat exchange unit
HES at the point 504, where the intermediate solution stream
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S33 1s combined with the fully vaporized and superheated,
higher pressure, rich basic solution stream S32 to form a fully
vaporized and superheated working solution stream S34 hav-
ing parameters as at a point 34. The working solution stream
S34 corresponds to a state of superheated vapor.

The stream S34 1s now sent into the upper section of the

fifth heat exchange unit HES. In the upper section of the fifth
heat exchange unit HES, the stream S34 i1s further super-
heated 1n a sixth heat exchange process 34-17 or 500-504 to
form a further superheated working solution stream S17 hav-
ing parameters as at a pomnt 17.

The stream S17 1s now sent 1into a turbine T. In the turbine
T, the stream S17 1s expanded converting a portion of 1ts heat
or thermal energy 1nto a usable form of energy to form a spent
working solution stream S18 having parameters as at the
point 18. The stream S18 corresponds to a state of super-
heated vapor.

Meanwhile, the lean solution substream S28 1s sent into a
circulating pump or third pump P3, where its pressure is
increased to a pressure equal to a pressure at of the spend
working solution stream S18 to form a higher pressure lean
solution substream S29 having parameters as at a point 29.
The substream S29 corresponds to a state of slightly sub-
cooled liquid. The substream S29 1s now mixed with the
stream S18 to form a condensing solution stream S19 having
parameters as at a point 19. The flow rate of the stream S29 1s
chosen 1n such a way that 1t de-superheats the stream S18, and
that the stream S19 (resulting from the mixture of the streams
S29 and S18) corresponds to a state of saturated or slightly
wet vapor. The stream S19 1s now sent into the third heat
exchange unit HE3, where 1t condenses, providing heat for
the third heat exchange process 3-8 or 19-21 to form the
partially condensed, condensing solution stream S21 having,
the parameters as at the point 21 (see above.)

Meanwhile, the rich basic solution stream S26 having the
parameters as at the point 26 and corresponding to a state of
a liquid-vapor mixture, 1s sent into the second heat exchange
unit HE2, where 1t partially condenses, providing heat for the
second heat exchange process 2-3 or 26-27 to form the stream
S27 having the parameters as at the point 27, corresponding to
a state of liquid-vapor mixture (see above.)

Thereatter, the rich basic solution stream S27 1s sent into a
condenser or first heat exchange unit HE1. In the first heat
exchange unit HE1, the partially condensed rich basic solu-
tion stream S27 1s further cooled and fully condensed by a
coolant stream S50 having parameters as at apoint 50 1n a {irst
heat exchange process 1-2 or 50-51 to form a spent coolant
stream S31 having parameters as at a point 31 and the fully
condensed, basic solution stream S1 having the parameters as
at a point 1 (see above). The coolant stream S50 can be air or
water depending on design criteria. I increased cooling 1s
needed, then the coolant stream can be sent through an
exhaust fan or the water can pass through a pump.

The cycle 1s closed.

The system 1s operated so that a temperature of the stream
S31 (see above) 1s always lower than a lowest allowable
temperature of the spent flue gas stream S502 having the
parameters as at the point 502.

The system 1s also operated so that the stream S30 has a
temperature lower than a temperature of the stream S31 hav-
ing the parameters as at the point 31. However, the tempera-
ture of the stream S30 having the parameter as at the point 30
1s usually higher than the lowest allowable temperature of the
lower temperature heat source stream S521 having the param-
cters as at the point 521, where the stream S521 can be a hot
air stream, a hot water stream or a hot steam stream.
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As a result, a heat potential of the higher temperature heat
source stream 1s fully utilized, whereas a heat potential of the
lower temperature heat source stream 1s utilized to a very
significant extent, though not fully. Generally, the very sig-
nificant extent means that at least 50% of 1ts heat potential 1s
used. In other embodiments, the very significant extent means
that at least 75% of 1ts heat potential 1s used. In other embodi-
ments, the very significant extent means that at least 80% of
its heat potential 1s used.

Thus, overall, the system SM'T-33 attains a very high elli-
ciency and a very high rate of heat utilization.

The thermodynamic cycle includes six compositional
streams. Each stream has the same or a different mixture of
the lower boiling point component and the higher boiling
point component of the multi-component fluid used to form
them 1n the cycle. Table 1 lists the compositions and the

streams having the compositions.

TABL.

(Ll

1

Compositions and Streams

Composition Streams

rich basic solution 526, 827, 81, 82, §3, S§, S10, S30 and S32

rich vapor S22

lean solution 523, 824, 825, S28, 89, and 529
intermediate solution  S31 and S33

working solution S34, S17 and S18

condensing solution S19 and S21

All references cited herein are incorporated by reference.
Although the 1invention has been disclosed with reference to
its preferred embodiments, from reading this description
those of skill in the art may appreciate changes and modifi-
cation that may be made which do not depart from the scope
and spirit of the invention as described above and claimed
hereafter.

I claim:

1. A system for simultaneously converting a portion of heat
from at least two heat source streams to a usable form of
energy comprising:

an energy conversion subsystem, where a portion of heat or

thermal energy associated with a superheated working
solution stream 1s converted to a usable form of energy
forming a spent working solution stream;

a vaporization and superheating subsystem including;

a higher temperature component having:

a lower section, where a combined stream 1s fully
vaporized and superheated using heat from a higher
temperature heat source stream to form a fully
vaporized and superheated combined stream and
where the combined stream comprises a first par-
tially vaporized higher pressure rich basic solution
substream and a higher pressure first lean solution
substream, where the first partially vaporized
higher pressure rich basic solution substream and
the higher pressure first lean solution substream
have the same or substantially the same pressure,
and

an upper section, where a working solution stream 1s
tully vaporized and superheated using heat from

the higher temperature heat source stream to form
the superheated working solution stream, where
the working solution stream comprises the fully
vaporized and superheated combined stream and a
second fully vaporized higher pressure rich basic
solution substream,
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a lower temperature component, where a second par-
tially vaporized higher pressure rich basic solution
substream 1s fully vaporized and superheated using

heat from a lower temperature heat source stream to

form the fully vaporized and superheated second
higher pressure rich basic solution substream;

a heat exchange, separation and condensation subsystem
including at least three heat exchange units, a gravity
separator and three pumps, where the heat exchange,
separation and condensation subsystem forms a con-
densing solution stream, a rich vapor stream, a liqud
lean solution stream and a lower pressure rich basic
solution stream from a spent working solution stream,
heats and cools different streams, separates the condens-
ing solution stream into the rich vapor stream and the
liquid lean solution stream, fully condenses the lower
pressure rich basic solution stream using an external
coolant stream, divides the lean solution stream into
three substreams, pressurizes the fully condensed lower
pressure rich basic solution stream and dividing the
higher pressure rich basic solution stream 1nto two sub-
streams aiter heating to partially vaporize the streams 1n
the at least two of the heat exchangers.

2. The system of claim 1, wherein the energy conversion

subsystem comprises at least one turbine.

3. The system of claim 1, wherein the higher temperature
heat source stream 1s a flue gas stream.

4. The system of claim 1, wherein the lower temperature
heat source stream 1s a hot air stream.

5. The system of claim 1, wherein the external coolant 1s air
Oor water.

6. The system of claim 1, wherein the streams are dertved
from a multi-component fluid.

7. The system of claim 6, wherein the multi-component
fluid comprises at least one lower boiling component and at
least one higher boiling component.

8. The system of claim 6, wherein the multi-component
fluid comprises an ammonia-water mixture, a mixture of two
or more hydrocarbons, a mixture of two or more freon, or a
mixture of hydrocarbons and freon.

9. The system of claim 6, wherein the multi-component
fluid comprises a mixture of any number of compounds
including higher boiling point components and lower boiling
point components.

10. The system of claim 6, wherein the multi-component
fluid comprises a mixture of water and ammonia.

11. A method comprising:

forming a lower pressure, rich basic solution stream from a
rich vapor stream and a first liquid lean solution sub-
stream,

separating a partially condensed condensing solution
stream 1n a gravity separator of a heat exchange, sepa-
ration and condensation subsystem to form the rich
vapor stream and a liquid lean solution stream,

passing the lower pressure, rich basic solution stream
through a second heat exchange unit of the heat
exchange, separation and condensation subsystem 1n
counterflow with a higher pressure, fully condensed rich
basic solution stream to form a cooled lower pressure,
rich basic solution stream and a pre-heated higher pres-
sure, Tully condensed rich basic solution,

tully condensing the cooled lower pressure, rich basic solu-
tion stream 1n a first heat exchange unit of the heat
exchange, separation and condensation subsystem 1n
countertlow with an external coolant stream to form a
fully condensed, lower pressure, rich basic solution
stream,
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pressurizing the fully condensed, lower pressure, rich basic
solution stream 1n a first pump of the heat exchange,
separation and condensation subsystem to form the
higher pressure, fully condensed rich basic solution
stream,

dividing the liquid lean solution stream into the first lean
solution substream, a second lean solution substream
and a third lean solution substream,

pressurizing the second lean solution substream 1n a sec-
ond pump of the heat exchange, separation and conden-
sation subsystem, where its pressure 1s increased to a
pressure equal to or substantially equal to a pressure of a
spent working solution stream to form a higher pressure,
second lean solution substream,

combining the higher pressure, second lean solution sub-
stream with the spent working solution stream, where
the higher pressure, second lean solution substream de-
superheats the spent working solution stream to form a
condensing solution stream,

passing the condensing solution stream through a third heat
exchange unit of the heat exchange, separation and con-
densation subsystem 1n counter tflow with the preheated,
higher pressure, rich basic solution stream to form a
partially vaporized, higher pressure, rich basic solution
stream and a partially condensed, condensing solution
stream,

dividing the partially vaporized, higher pressure, rich basic
solution stream 1into a first partially vaporized, higher
pressure, rich basic solution substream and a second
partially vaporized, higher pressure, rich basic solution
substream,

forwarding first partially vaporized, higher pressure, rich
basic solution substream to a lower temperature vapor-
ization and superheating component of a vaporization
and superheating subsystem, where 1t 1s fully vaporized
and superheated 1n a lower temperature component
exchange unit in countertlow with a lower temperature

heat source stream to form a fully vaporized and super-

heated, higher pressure, rich basic solution substream,

pressurizing the third lean solution substream in a third
pump of the heat exchange, separation and condensation
subsystem, where 1ts pressure 1s increased to a pressure
that 1s same or substantially the same as a pressure of the
second, partially vaporized, higher pressure rich basic
solution substream to form a higher pressure, third lean
solution substream,

combining the second, partially vaporized, higher pressure
rich basic solution substream with the higher pressure,
third lean solution substream to form a combined
stream,

forwarding the combined stream to a higher temperature
vaporization and superheating component of the vapor-
ization and superheating subsystem, where the com-
bined stream 1s fully vaporized and superheated in a
lower section of a higher temperature component heat
exchange unit 1n countertlow with a higher temperature

heat source stream to form a fully vaporized and super-

heated combined stream,

combining the fully vaporized and superheated, higher
pressure, rich basic solution substream with the fully
vaporized and superheated combined stream to form a
fully vaporized and superheated working solution
stream,

torwarding the fully vaporized and superheated working
solution stream 1nto an upper section of the higher tem-
perature component heat exchange unit, where the fully
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vaporized and superheated working solution stream 1s
further superheated to form a turther superheated work-
ing solution stream, and

forwarding the further superheated working solution

stream to an energy conversion subsystem, where a por-
tion of heat or thermal energy of the further superheated
working solution stream 1s converted to a usable form of
energy to form the spent working solution stream, com-
pleting a thermodynamic cycle.

12. The method of claim 11, wherein the energy conversion
subsystem comprises at least one turbine.

13. The method of claim 11, wherein the higher tempera-
ture heat source stream 1s a flue gas stream.

14. The method of claim 11, wherein the lower temperature
heat source stream 1s a hot air stream.

15. The method of claim 11, wherein the external coolant 1s
alr or water.

16. The method of claim 11, wherein the streams are
derived from a multi-component fluid.

17. The method of claim 16, wherein the multi-component
fluid comprises at least one lower boiling component and at
least one higher boiling component.

18. The method of claim 16, wherein the multi-component
fluid comprises an ammonia-water mixture, a mixture of two
or more hydrocarbons, a mixture of two or more freon, or a
mixture of hydrocarbons and freon.

19. The method of claim 16, wherein the multi-component
fluid comprises a mixture of any number of compounds
higher boiling point components and lower boiling point
components.

20. The method of claim 16, wherein the multi-component
fluid comprises a mixture of water and ammonia.

G e x Gx ex

10

15

20

25

30

12



	Front Page
	Drawings
	Specification
	Claims

